works but it is thought that an initial hydrolysis of PtdIns(4,5)Pz to inositol trisphosphate and diacylglycerol takes place, but an accompanying hydrolysis of PtdIns cannot be ruled out. Inositol trisphosphate and diacylglycerol may be 'second messengers', involved in intracellular calcium mobilization and protein phosphorylation respectively . As a result of the phosphoinositide effect there may also be an increase in permeability of the plasma membrane to calcium, which has been linked to short-term memory (Penniston, 1983) .
Samples of normal and Alzheimer-diseased human brain were obtained from the M.R.C. Brain Tissue Bank, Addenbrooke's Hospital, Cambridge, U.K. Bodies had been placed at 4°C within 4h of death and brains were stored at -70°C. For inositol analysis, 0.1 g of brain was weighed on a torsion balance and homogenized at 4°C in 2.6ml of deionized water by using a glass Potter homogenizer with motorized Teflon Pestle. Protein was removed by the zinc sulphate and barium hydroxide method of Green et al. (1975) . After centrifugation, samples were lyophilized and inositol was analysed by gas chromatography of the trimethylsilyl derivative (Palmano et al., 1977) using methyl a-D-mannopyranoside as internal standard. The method of extraction used for phosphoinositides was based on that of Michell ef al.
(1 970) utilizing high concentrations of neutral salt solution. Extracts were run on t.1.c. plates prepared from a slurry of silica gel H in 1% potassium oxalate and developed in a two-dimensional system (chloroform/ methanol/33% ammonia solution/water 80 : 70 :4 : 16, by vol., and chloroform/methanol/acetone/acetic acid/water 90 : 26 : 30 : 24 : 14, by vol.). Phosphorus was determined by a micro-modification of the method of Bartlett (1959) .
At age 20 years, the concentration of inositol in normal brain was 6pmol/g wet weight and it fell steadily to about half that concentration at age 90 years. There was also a fall with age in the concentration of total lipid inositol in normal brain (Stokes et al., 1983) . On measuring the individual phosphoinositides in this second study over a much smaller age range (70-90 years) in 18 normal brains, no significant decrease in PtdIns, PtdIndP, PtdIns(4,5)Pz or free inositol was observed, though this was probably because of the much smaller age span analysed. Concentrations of free inositol in normal brain for a given age corresponded in both studies (4.98pmol/g wet weight at age 77 years as compared with 4pmol/g wet weight). Concentrations of free inositol in 18 Alzheimer-diseased brains were slightly, but not significantly, higher (5.01 pmol/g wet weight at age 81 years) as compared with age-matched controls. Delay post mortem could account for some of the increase seen. Results from Alzheimer-diseased brains show that there is significantly less (using Student's t test P<0.02) PtdIns (1.4pmol/g wet weight) compared with age-matched controls (2.2pmol/g wet weight). There was also less PtdIns4P and PtdIns(4,5)Pz in dements (0.18 and 0.16pmol/g wet weight respectively) compared with controls (0.34 and 0.21 pmol/g wet weight). More phosphoinositide seems to have been extracted from the brain samples by neutral salt extraction than by the acidified chloroform/methanol extraction method used in the first study.
It seems therefore that the decrease in PtdIns seen in Alzheimer's disease cannot be due to a lack of free inositol. Possible explanations are an increased rate of breakdown of PtdIns or a decreased synthesis of PtdIns. Although it cannot be stated for certain which is the case, it is interesting to note that most areas of the brain show mild decrements in enzymes with age and CAT, an enzyme used as a biochemical marker for cholinergic neurons, declines significantly in the cerebral cortex from youth to old age (1st-9th decades) (McGeer et al., 1976) . In Alzheimer's disease CAT levels are significantly decreased compared with age-matched controls (Davies & Maloney et al., 1976 influx with phosphoinositide metabolism in the adrenal medulla (Hawthorne, 1982) . Using chromaffin cells in culture, we have explored the identity of the first inositol lipid hydrolysed in response to muscarinic stimulation, the dependence of this hydrolysis on external Ca'+ and the effect of muscarinic activation on intracellular Ca2+.
Cell isolation was carried out essentially as described by Knight & Baker (1983) . For cell culture the method of Fisher et al. (1981) was used. The cultured cells were prelabelled for 75min in Iml of Locke's solution containing 5OpCi of [32P] orthophosphate/ml and then washed twice with cold Locke's solution to remove excess 32P. The medium was then replaced with Locke's solution containing cholinergic drug (or control Locke's solution only) and the brief incubation at 25°C terminated by the addition of lml of 20% trichloroacetic acid and approx. 2Omg wet weight of adrenal medulla homogenate, this latter as 'carrier' tissue. The precipitate was centrifuged down, washed once with 1 ml of 5% trichloroacetic acid containirig 1 mM-EDTA and once with 2ml of distilled water.
Lipid was extracted from the wzshed pellets with chloroform/methanol/conc. HCI (100 : 100 : I , by vol.), a two-phase system then being produced by the addition of chloroform and 0.1 M-HCI. The lower phase was concentrated under nitrogen for application to thin-layer plates of silica gel 60H spread in 3% magnes,ium acetate. Twodimensional separations employed chloroform/methanol/ ammonia (65 : 25 : 5, by vol) followed by chloroform/ acetone/methanol/acetic acid/water (510 :40 : 10 : 10 : 5, by vol.). After iodine staining spots were scraped off and radioactivity determined by liquid scintillation counting. Intracellular Ca2+ was monitored by using the fluorescent indicator Quin 2 (Tsien et al., 1982) . Cells were prepared by incubation for 60min with 20pM-Quin 2-AM and washed twice in Ca2+-free medium. The cells (2 K lO6/ml) were then transferred to the reaction cuvette, to which CaClz (1 mM) was added followed by the cholinergic drug. Table 1 shows that incubation of prelabelled chromaffin cells with carbachol causes a loss of PtdIns(4,5)P2 and PtdIns4P within 30s. There is a concomitant increase in phosphatidate labelling, possibly because of diacylglycerol kinase acting upon the diacylglycerol released from the phosphoinositides. The loss of polyphoiiphoinositides does not occur in Ca?+-free medium, a result similar to those of Rhodes et al. (1983) , using vasopressin-stimulated hepato- cytes. However, the calcium-dependence is controversial in this system (Hawthorne, 1983) . Methacholine causes a similar response to carbachol in the chromaffin cells, confirming that the phosphoinositide response is muscarinic.
These results cast doubt on the 'second-messenger' role of inositol trisphosphate in mobilizing CaZ+ (reviewed by since essentially the same PtdIns(4,5)Pz loss is seen as in hepatocytes, but without Ca2+ mobilization. In addition, rapid loss of labelled PtdIns4P is also seen in response to muscarinic drugs, yet the resulting inositol bisphosphate is said to have no calcium-mobilizing properties (Streb et al., 1983) .
